Objective. To evaluate the toxicity of slow-acting anti-rheumatic drugs (SAARDs) and non-steroidal anti-in¯ammatory drugs (NSAIDs) in early rheumatoid arthritis.
medication in observational studies may lead to biased conclusions due to confounding by indication, because both the choice of a speci®c drug and the occurrence of side-effects may be dependent on disease severity. Therefore, randomized trials are to be preferred when toxicity is studied w1, 2x.
In the Utrecht Rheumatoid Arthritis Cohort, patients with recent-onset RA were randomized to undergo treatment with non-steroidal anti-in¯ammatory drugs (NSAIDs) only, or with one of three slow-acting anti-rheumatic drugs (SAARDs)Ðhydroxychloroquine (HCQ), intramuscular gold (i.m. gold) and methotrexate (MTX). The patients in the last three groups were allowed to take NSAIDs as well. Data from this randomized trial were used to compare the toxicities of the different drugs. Information on medication, adverse effects and clinical disease activity was documented in detail every 3 months, which enabled us to study several aspects of toxicity.
The objective of this study was to make an inventory of adverse effects of NSAIDs, HCQ, i.m. gold and MTX and to compare the toxicities of these drugs. Furthermore, the intervals until the occurrence of adverse effects were studied, and sociodemographic and baseline clinical variables related to the occurrence of adverse effects were identi®ed.
Methods

Patients
The study was designed as a prospective, open-label, randomized, controlled trial. Since 1990 all patients who met the 1987 American College of Rheumatology classi®cation criteria for RA w3x at six rheumatological centres in the Utrecht region of The Netherlands were asked to participate in a randomized trial to compare therapeutic strategies w4x. Disease duration had to have been less than 1 yr; most patients were enrolled shortly after diagnosis. All recently diagnosed RA patients seen by rheumatologists in the Utrecht region were asked to participate, and data were also collected on the 82 patients who refused to be randomized. Therefore, this study was representative of early RA patients referred to hospital (rheumatologists) in The Netherlands (i.e. it was a hospital-based study). The following exclusion criteria were applied: (i) age -17 yr; (ii) comorbid conditions that might interfere with the therapeutic strategies; (iii) previous or current use of SAARDs, glucocorticosteroids, cytotoxic or immunosuppressive drugs; (iv) pregnancy or breast feeding; (v) mental disturbances that would make adherence to the study protocol unlikely. All patients gave informed consent. The study design was approved by the ethics committees of all participating hospitals.
Treatment
Patients entering the study were assigned randomly to one of four treatment groups: (i) NSAID only; (ii) HCQ (400 mguday); (iii) i.m. gold (aurothioglucose, 50 mguweek); (iv) oral MTX (7.5±15 mguweek). All randomization was done by drawing sealed envelopes from blocks of 100 with equal numbers of patients for each of the four treatments per hospital. In group (i), patients received only NSAIDs, the dose and type of which could be modi®ed at any time. Follow-up of the patients in this group was included in the analysis until a SAARD was administered. Use of NSAIDs by patients of the three SAARD groups was allowed. Follow-up of patients in the SAARD groups was included in the analysis until treatment with a SAARD other than the randomized therapy was started. In this way the toxicities of the original randomly assigned strategies could be compared. The use of pure analgesics was allowed in all groups; the use of oral glucocorticosteroids and intra-articular steroid injections was recorded but was avoided if possible. The assigned medication was continued unless adverse reactions or ineffectiveness necessitated discontinuation. Criteria for the discontinuation or dose adjustment of a SAARD because of adverse reactions were described in the study protocol. Analysis of effectiveness after 1 yr of follow-up showed that patients who had been randomized to receive only NSAIDs exhibited greater disease activity than patients who had been randomized to receive a SAARD w4x. Therefore, in 1994 the NSAID-only arm of the trial was discontinued. As a consequence, there were fewer patients in the NSAID-only group.
The primary aim of the clinical trial in the Utrecht Rheumatoid Arthritis Cohort was to compare the effectivenesses of therapeutic strategies. The present paper reports a comparison of the toxicities of the therapeutic strategies, which was the secondary aim of the trial.
Toxicity
Assessments were performed at the start, every 3 months during the ®rst 2 yr and subsequently every 6 months. Clinical variables, including disease activity variables, medication and the occurrence of adverse effects, were assessed by the same physician or research nurse for each patient on each occasion. Safety investigations included clinical examination and laboratory abnormalities. All adverse experiences were reported, regardless of their relationship to the anti-rheumatic therapy, and are referred to in this report as`adverse effects'. The term`side-effect' was avoided since this connotes unconditional attribution to a speci®c drug, which would be inappropriate. An adverse effect was de®ned as`severe' when the SAARD or all NSAIDs were discontinued permanently,`moderate' when the SAARD or NSAID was temporarily stopped, the SAARD dose was adjusted or the patient switched to another NSAID, and mild' when no action regarding medication was taken.
The toxicity pro®les of SAARDs and NSAIDs overlap w5x. Since a reported symptom could also be caused by the disease itself, a concomitant illness or other drugs taken at the same time, a causal link between a symptom and a drug is dif®cult to identify. Therefore, we used the adverse drug reaction scale of Naranjo et al. w6x (see Appendix 1) to classify the probability that an adverse event was related to NSAID or SAARD therapy. If an adverse effect occurred during treatment with both a NSAID and a SAARD, the relationship was assessed for each of the two drugs separately. This scoring method classi®es each adverse reaction as de®nitely, probably, possibly or doubtfully attributable to a drug treatment. The answers to items 6 and 7 of this rating scale were always unknown in the present study; consequently the scores ranged from À3 to 11. Adverse reactions classi®ed as de®nite (score G9) or probable (score 5±8) were studied in more detail.
Statistics
Incidences of adverse effects per 100 patient-years (p-yr) of drug exposure and periods until the ®rst adverse effect were assessed for each treatment strategy. In addition, we studied incidences according to the severity of adverse effects and the probability of a relation to speci®c drug use. The x 2 -test, Student's t-test and the Mann±Whitney U-test were used to relate sociodemographic and baseline clinical variables to the occurrence of adverse effects. A P value of less than 0.05 was considered statistically signi®cant.
Results
Patient characteristics
A total of 501 RA patients were eligible for the study, 82 of whom refused to be randomized for various reasons. Of the 419 randomized patients, 65% were female. At the start of the study the mean age was 57 yr (S.D. s14); disease duration was less than 1 yr; 61% of the patients had a positive rheumatoid factor (RF) test and 70% of the radiographs showed no evident damage (Sharp scoreF4) w7x. At baseline, 67 patients (16%) were randomized to receive treatment with NSAIDs only, 120 patients (29%) treatment with HCQ, 118 (28%) treatment with i.m. gold and 114 (27%) treatment with MTX. Baseline clinical variables (Table 1) and sociodemographic variables did not differ signi®cantly between the randomized groups.
Folic acid (0.5 mg daily) was used at some time during follow-up by 41 (36%) of the 114 patients receiving MTX. Oral prednisone (up to 30 mg daily) was used by 20 of the randomized patients (5%) at some time during follow-up; another three patients received high (200 mg) i.v. doses of dexamethasone for 3 days. At some time during follow-up 18% of the patients were treated with antacids (i.e. antacids in the broad sense; used to protect the stomach or to treat symptoms).
NSAID and SAARD use
The study encompassed 545 p-yr of drug exposure. During the study period, 99% of the patients used NSAIDs at some time. Treatment with the original randomly assigned therapy was continued for a mean period of 67 weeks (1.3 yr, range 0±5.5 yr). Four patients never started the randomized therapy: one patient in the NSAID group was started on a SAARD at baseline and three patients in the i.m. gold group refused injections. Data on medication and adverse effects are listed in Table 1 . The NSAID-only strategy was continued for a mean period of 55 weeks, HCQ for 59 weeks, i.m. gold for 62 weeks and MTX for 90 weeks. This resulted in a total drug exposure of 71 p-yr for the NSAID-only group, 136 p-yr for the HCQ group, 141 p-yr for the i.m. gold group and 197 p-yr for the MTX group. Adjusted frequencies for differences in drug exposure are presented in Table 3 . f MTX group differed signi®cantly from each of the other three groups (ANOVA, P-0.001). g NSAID-only and HCQ groups differed signi®cantly from the i.m. gold and MTX groups (x 2 , P-0.0001). h MTX group differed signi®cantly from HCQ group (t-test, P s 0.02).
Reasons for stopping the assigned medication were adverse effects, ineffectiveness and, in a minority of cases, remission. The observation that MTX was used for a longer period than all the other therapies (ANOVA, P-0.001) indicates a better toxicity pro®le anduor better effectiveness.
Occurrence of adverse effects
In total, 232 of the 419 patients (55%) suffered 391 adverse effects. The percentage of patients with at least one adverse effect was 65% for the i.m. gold group and 64% for the MTX group, compared with 49% for the HCQ-treated patients and 34% for the patients on NSAIDs only (x 2 -test, P-0.0001). The mean period until the occurrence of the ®rst adverse effect ranged from 27 weeks for the HCQ-treated patients to 39 weeks for the MTX-treated patients (t-test, P s 0.02) ( Table 1) . Details of all 391 adverse effects, regardless of their association with the drug, are presented in Table 2 for all four groups. Of these adverse effects, 305 (78%) were reported during clinical visits, 56 (14%) were detected by laboratory tests and 30 (8%) by a combination of the two. Some of the ®ndings are discussed in detail below.
Diarrhoea occurred in 10 patients, ®ve of whom received HCQ. In two of these cases both HCQ and NSAIDs were discontinued permanently, whereas in three cases NSAIDs were continued and the HCQ dose was reduced to 200 mguday. In the other ®ve cases of diarrhoea, NSAIDs, i.m. gold and MTX were continued.
In . Although most patients in the three SAARD groups used both a SAARD and a NSAID, incidences did not differ much from that in the NSAID-only group. These subjective GI complaints caused discontinuation of HCQ in two cases and MTX in another two cases, but not of i.m. gold; NSAIDs were stopped permanently in eight cases (four in the HCQ group, one in the MTX group and three in the NSAID-only group).
There were ®ve patients with objective GI symptoms con®rmed by endoscopy: colitis (n s 1), gastric ulceration (n s 1) and gastritis (n s 3). Endoscopy was not performed routinely as part of the study. The incidence was 0.9 per 100 p-yr of anti-rheumatic drug exposure. All ®ve patients received NSAIDs in combination with HCQ (n s 1), i.m. gold (n s 1) or MTX (n s 3). In all three cases of gastritis NSAIDs were stopped and antacids were started. The one case of gastric ulceration occurred simultaneously with pneumonitis during MTX and NSAID treatment; MTX was stopped and NSAID therapy was continued, in combination with antacids.
Proteinuria (G0.1 gul in 24 h) was found in 36 patients, 16 of whom were receiving i.m. gold. Proteinuria (1.1±3.4 gul) led to permanent discontinuation of i.m. gold in ®ve cases. In one case, i.m. gold was stopped permanently because of a rash and proteinuria (0.3 gul), and in one case of proteinuria (0.6 gul) i.m. gold was stopped temporarily. The other nine cases of proteinuria during i.m. gold treatment and the 20 cases during treatments other than i.m. gold were all mild (F0.3 gul) and therapy was continued.
Elevated serum creatinine (>120 mmolul) was detected in 15 patients (six persistent and nine single laboratory abnormalities). In three cases, i.m. gold was discontinued temporarily, due partly to elevated serum creatinine and partly to proteinuria and mucocutaneous reactions, which occurred simultaneously. For two MTX-treated patients the dosage was reduced. NSAID treatment was stopped permanently in one case in the i.m. gold group. In three cases, NSAID therapy was stopped temporarily or changed to another NSAID (i.e. one in the NSAID-only, one in the HCQ and one in the MTX group). In six cases (one mild persistent and ®ve single elevations) no action was taken.
The occurrence of multiple rheumatoid nodules was not investigated systematically, but was reported spontaneously by two patients, both of whom were on MTX therapy.
The incidence of adverse effects per 100 p-yr of drug exposure is presented in Table 3 . Analysis of all events (irrespective of medication and the severity of the events) showed that the highest incidence was for patients on i.m. gold (87 events per 100 p-yr of i.m. gold exposure) followed by 73 per 100 p-yr for patients on MTX, 67 per 100 p-yr for patients on HCQ and 48 per 100 p-yr for patients on NSAIDs only.
NSAID-or SAARD-related adverse effects
The likelihood that the adverse event was related to NSAIDs or SAARD was classi®ed according to Naranjo et al. w6x (Appendix 1). The distribution of categories of association between the adverse effect and SAARD use was as follows: de®nite, 0 cases; probable, 60 cases; possible, 292 cases; doubtful, 5 cases. Thirty-four adverse effects were unrelated to SAARD because only NSAIDs were taken in these cases. The association with NSAID use was also never classi®ed as de®nite, but 41 associations were probable, 299 possible and six doubtful; 45 events were unrelated to NSAID use because only a SAARD was taken at the time of the adverse reaction. No adverse effect could be classi®ed as being de®nitely associated with either SAARD or NSAID use. The 60 events classi®ed as probably related to SAARD use were studied more closely. Table 3 shows that the lowest incidence was found for HCQ therapy (6 per 100 p-yr) compared with 15 per 100 p-yr for MTX and 16 per 100 p-yr for i.m. gold. All adverse effects were also scored according to the method of Naranjo et al. to assess their relationship with NSAIDs (Table 3) . Twenty-three of the 34 adverse effects which occurred in the NSAID-only group were classi®ed as de®nitely or probably NSAID-related. In the three SAARD groups, the incidence of NSAID-related adverse effects ranged from 2 to 6 per 100 p-yr. This indicates that NSAIDrelated toxicity was similar in the three SAARD groups. Only 18 of the adverse effects that occurred in the three SAARD groups were classi®ed as probably related to NSAID use, which is low in comparison with the 23 events classi®ed as such in the NSAID-only group. This is a direct consequence of the Naranjo scoring method, as the probability decreases if another drug (the SAARD) could also be responsible for the adverse effect (Appendix 1, item 5). Correspondingly, the probability that an adverse event is related to a SAARD decreases when NSAIDs are taken simultaneously.
Discontinuation of the randomly assigned medication
The de®nition of the severity of adverse events depended on whether the therapy was stopped or the dose was adjusted. Adverse effects were classi®ed as severe in 17%, moderate in 49% and mild in 34% of the cases. Table 4 shows that, although adverse events occurred frequently during MTX treatment, most of them were classi®ed as mild or moderate. In contrast, 25% of the adverse effects occurring during treatment with i.m. gold resulted in permanent discontinuation of this treatment (n s 31). NSAIDs were permanently stopped by 12 patients (3% of 415), three of whom were in the NSAID-only group, ®ve in the HCQ group, two in the i.m. gold group and two in the MTX group. Reasons for stopping NSAIDs included subjective GI complaints (n s 7), gastric ulceration (n s 1), gastritis (n s 1), pretibial oedema (n s 1), a combination of anaemia and pancytopenia (n s 1), and elevated transaminases (n s 1). SAARD therapy was stopped permanently in 53 patients (15% of 352). Figure 1 shows the frequency of permanent discontinuation of treatment due to adverse effects over a 4-yr period. The total number of patients in follow-up decreased with increasing years of follow-up, as is shown in the table accompanying Fig. 1 . Therefore, cumulative absolute numbers are presented in Fig. 1 . The percentage of patients in follow-up was similar for the three SAARD groups at 2.5 yr, enabling comparison between the SAARD groups. In the i.m. gold group, 31 patients stopped gold therapy permanently because of adverse effects, compared with 12 patients on MTX and 10 on HCQ therapy. In the i.m. gold group, these adverse effects included mucocutaneous reactions (ns21), proteinuria (ns6) and haematological problems 1) ; only the adverse events classi®ed as de®nitely or probably related to current SAARD or NSAID use are presented. (n s 4). Elevated transaminases or c-GT (n s 4) was the most common adverse effect and resulted in the permanent discontinuation of MTX; less common were GI complaints (n s 2), headache (n s 2), keratitis (n s 1), disturbed vision (n s 1), rheumatoid nodules (n s 1) and pneumonitis (n s 1). HCQ was discontinued because of GI complaints (n s 5), mucocutaneous problems (n s 4) and disturbed vision (n s 1).
Variables related to the occurrence of adverse effects
Sociodemographic and baseline clinical variables of patients with one or more adverse effects (n s 232) were compared with those of patients without adverse effects (n s 187). No differences in age, gender or RF status at baseline were found. The baseline clinical variables wincluding erythrocyte sedimentation rate (ESR), C-reactive protein, joint score, pain, functional disability, morning stiffness, radiological damage, haemoglobin, thrombocyte count and general well-beingx did not differ between patients with and without adverse effects.
Discussion
In total 391 adverse effects were detected during clinical visits or laboratory tests in a cohort of 419 patients with recent-onset RA and 545 p-yr of anti-rheumatic drug exposure. In contrast with many other studies, these data represent toxicity in recent-onset RA patients who were treated with a SAARD for the ®rst time or who had started only recently with a NSAID. At baseline, patients were randomized to treatment with NSAIDs only, HCQ, i.m. gold or MTX. The mean period until the occurrence of the ®rst adverse effect was longest for MTX-treated patients (39 weeks). MTX was used for a longer mean period (90 weeks) than the other treatments (55±62 weeks), indicating a better toxicity pro®le anduor better effectiveness. The incidence of adverse effects was low for patients treated with NSAIDs only (48 per 100 p-yr of NSAID use). Higher incidences were found for patients treated with a SAARD in combination with NSAIDs and was highest during i.m. gold treatment (87 per 100 p-yr). Adverse effects caused discontinuation of the SAARD in 26% of i.m. gold-treated patients compared with 11% of MTX-treated patients and 8% of HCQ-treated patients. Meta-analysis has shown similar toxicity-related dropout rates: 30% for i.m. gold, 15% for MTX and 9% for antimalarial agents w8x. Although adverse effects occurred often during MTX in our study, most were mild and MTX could be continued. A difference between i.m. gold and all other therapies is that gold was given as an injection by the rheumatologist or research nurse rather than as pills, which might not be taken. Clearly, a dosage of 50 mg gold per week caused high toxicity rates in our cohort, which resulted in discontinuation in 26% of the cases. Permanent discontinuation might not always be necessary. A small study of 13 RA patients showed that very low dosages (-20 mg per month) were effective for patients with gold-induced mucocutaneous reactions but a bene®cial effect on the normal dosage w9x. Mucocutaneous adverse effects were most common during treatment with i.m. gold, adverse GI effects occurred predominantly during MTX and HCQ treatment, and pulmonary and hepatotoxic effects were most common during MTX therapy. These results are similar to those reported by others w10x. During our study there was one case of MTX-associated pneumonitis (i.e. one case out of 114 patients and 197 p-yr of MTX use). In earlier reports from several centres, the incidence of this type of toxicity ranged from 1 to 3% w11x. In an open trial of 453 MTX-treated RA patients (mean disease duration 13 yr) w12x, 59% of patients experienced at least one adverse effect during a mean follow-up of 3 yr compared with 64% in our study. Weinblatt et al. w11x reported that 74% of MTX-treated RA patients showed adverse effects. Disease duration was similar to that in our cohort but the maximum MTX dose was higher (20 mguweek) than in our study (15 mguweek) .
Although most patients in the three SAARD groups also used NSAIDs, the incidence of GI complaints did not differ much from that in the NSAID-only group. This result might be biased because the type and dosage of NSAIDs were not similar for the four groups. Both ef®cacy and toxicity differ among NSAIDs w13x. Patients in the NSAID-only group probably used higher doses anduor more toxic NSAIDs. Objective GI events occurred in 1% (®ve of 419), which is low in comparison with the 10±20% reported in the literature w14x. Endoscopy was performed only for clinical reasons. The occurrence of subjective GI complaints was also low in our study: 21% (87 of 419) compared with reported estimates of 30±40% of patients on long-term NSAID treatment w14x. These observations can be explained in part by population differences. At baseline, patients with active ulcer disease or corticosteroid therapy were excluded from our study. Reported risk factors for toxicity w13, 14x, such as advanced age, prior ulcer disease, high-dose NSAIDs, use of multiple NSAIDs and corticosteroid use, were probably less common in our population of early RA patients than in other study populations. Moreover, 18% of patients used antacids for some period during follow-up. In the NSAID group, antacids were used by 25% of the patients compared with 18% of the HCQ and i.m. gold groups and 15% of the MTX group.
No clear relationship between sociodemographic or clinical variables at baseline and the occurrence of adverse effects was found. In other studies, some predictors were found: a low joint score, a lower polymorphonuclear cell count and the absence of RF were predictive of adverse effects in MTX-treated patients w12x. Renal impairment correlated with higher MTX toxicity rates w15x, while comorbidity, marked disability, advanced age, long duration of disease and the start of a new drug vs continued use were weakly but statistically signi®cantly correlated with toxicity in patients who had been treated with several SAARDs w16x. It is not clear whether predictors reported in the literature of established RA are applicable to a cohort of early RA patients, such as that in the present study.
The scoring method of Naranjo et al. w6x was used to specify causal links between symptoms and drugs. Sixty adverse effects were classi®ed as being at least probably related to the use of a speci®c SAARD (eight to HCQ, 22 to i.m. gold, 30 to MTX) and 41 to NSAID use. In most cases the relationship with the speci®c medication remained unclear. Even for the 65 patients who stopped treatment because of adverse effects, the Naranjo score was below 8, indicating no de®nite association. In theory, the score in our study could exceed 8. In our opinion, the dif®culty of relating adverse effects to a speci®c drug is not a consequence of the classi®cation method used but is more likely to be attributable to the use of other medication, the disease itself or comorbidity.
The systematic assessment of toxicity has received little attention compared with the assessment of the effectiveness of treatments. A drug toxicity index, taking into account both frequency and severity, has been proposed by Fries et al. w17x. In a study using this index, HCQ was the least toxic, followed by i.m. gold; MTX was the most toxic w16x. One can also focus on the rates of severe adverse effects only or on the proportion of dropouts due to toxicity. Antimalarial drugs (such as HCQ) had the lowest dropout rates due to toxicity, with MTX close behind, while i.m. gold was the most toxic according to a meta-analysis w18x.
Comparison of toxicity in non-randomized studies is not straightforward because both toxicity and the choice of treatment depend on the disease stage, disease activity and co-medication. We compared toxicity using data from a randomized controlled trial of patients with early RA, which minimizes the confounding effects of the disease itself. In general, our results are consistent with the literature. The relevance of this study is that four different treatment strategies were compared in a truly prospective way, and that the study included a large group of recently diagnosed RA patients.
Some limitations of our study will now be discussed. A possible bias might be introduced by the open character of our study. Both patients and rheumatologists knew which anti-rheumatic drug was used. Known adverse effects might be over-reported during clinical visits, while less well-known adverse effects might be under-reported (information bias). Adverse effects might be over-reported for i.m. gold and MTX, because these are thought to be more toxic than HCQ. This bias is unavoidable in an open study, but is probably less pronounced for objective and severe adverse effects. Therefore, a major bias in the number of patients who discontinued therapy is not likely to have been responsible for the high dropout rate found for i.m. gold.
Assessment of toxicity was a secondary aim of the clinical trial. The attending rheumatologist recorded information on a standard form that included an open question on whether any possible adverse effect had occurred since the last visit and, if so, of what kind. This recording of adverse effects was not fully structured, but it did not differ systematically between treatment groups. The reporting of adverse effects during clinical visits should cover the whole period since the previous visit; however, minor symptoms might be missed. Laboratory test results were recorded every 3 months during the ®rst 2 yr of the study and every 6 months in the subsequent years. Temporary laboratory abnormalities occurring between recording dates could have been missed.
In conclusion, adverse effects were most common during i.m. gold therapy (87 per 100 p-yr) and led to discontinuation of this therapy within 2.5 yr in 26% of cases. The HCQ, MTX and NSAID-only treatments were less toxic. Among the adverse effects in this study that were probably related to SAARDs, none was irreversible or lethal. Although adverse effects were less common during NSAID-only treatment than during treatment with a SAARD, one might favour the latter because of its better effectiveness and because no irreversible or lethal adverse effects were seen.
